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INTRODUCTION 
Since 1971 the Illinois State Water Survey (ISWS) has been evolving a 
design of a multi-year precipitation modification experiment for the Midwest. 
The planning became more focused in 1976 and the research more intensive in 
1978 with the identification of the program as the Precipitation Augmentation 
for Crops Experiment (PACE). This program has been envisioned as consisting 
of four major phases. These deal with (1) pre-experiment studies to provide 
information for deciding upon and designing subsequent aspects of the program, 
(2) an exploratory field experiment, (3) a confirmatory modification 
experiment, and (4) final summation and information transfer. 
This document is concerned chiefly with the design of the pre-experiment 
phase and integral parts of the exploratory experiment. Since research 
relevant to the exploratory phase of PACE has been ongoing since 1966, a 
review of this research appears in this document because it 1) reflects the 
design of the exploratory efforts, and 2) indicates the progress -- what is 
completed, and what is yet to be done. Although the later exploratory and 
confirmatory phases are not treated in any detail herein, this is not to be 
construed as indicating lesser importance. The exploratory and confirmatory 
experiments will be addressed in subsequent design documents. The designs for 
both experiments have been initiated, but because of the sequential nature of 
the overall program, details must await data and results from the preceding 
phases. 
The Precipitation Augmentation for Crops Experiment (PACE) has been in 
progress for more than two years based on state and National Oceanic and 
Atmospheric Administration (NOAA) planning, organizing of field activities and 
in-house research, and initial commitments to sites, equipment types, and 
other components involved in the management and research. 
The program design will make every effort to accommodate 
• Diverse state and federal commitments, including sites previously 
selected and equipment already procured 
• Ongoing operational and experimental modification projects, with 
possible utilization of results from these projects 
• Fluctuations in levels of annual funding 
• Results from past operational programs and experiments in the Midwest so 
as to develop a coherent technology ultimately transferable to all parts 
of the Midwest. 
The design effort addresses all facets of two questions: Can it be done? 
and, Should it be done? Ultimately the success or failure of any rain 
alteration, either from individual clouds or over an area, is measured in 
terms of human benefit and rests on consideration of socio-economic factors, 
although certain meteorological findings alone can be of great scientific 
value. 
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The key aspect of the atmospheric phase of the design is the sequential 
experimental approach based on sound scientific research. Shifting from back­
ground' and field studies of clouds and precipitation to a series of 
experiments should occur only when critical unknowns are removed, allowing 
physically sound hypotheses appropriate to the Midwest to be developed and 
tested. 
This document first presents an overview of PACE, a comprehensive program 
to define the potential for modification of summer precipitation in the 
Midwest within a framework of its utility to agriculture. However, the major 
focus of this document is on the pre-experimental (phase 1) activities of 
PACE, and to a lesser extent the elements of phase 2, the exploratory 
experiment after the PACE overview, this document addresses major unknowns, 
then the pre-experimental studies aimed at their resolution, and a review of 
work already completed. The final sections address the impact studies and 
communication activities of PACE. 
PACE OVERVIEW 
Rationale 
Technological advances of the last century have made many of man's 
activities seemingly immune to the vagaries of weather and climate. A severe 
weather event -- a flood, a killer tornado, an immobilizing blizzard --
provides an occasional reminder that the protection from the elements is far 
from total. However, although few in our largely urban society realize it, 
climate and weather impacts on man daily, through the one commodity that he 
cannot do without -- food. This point may be brought forcibly home 
periodically because of severe and widespread droughts somewhere in the 
world. However, non-severe conditions, perhaps only somewhat less than 
optimum weather conditions, are reflected in our urbanized society in smaller 
food supplies and larger food bills because of reduced crop productivity. 
Weather is now becoming recognized as the limiting factor against further 
major gains in national agricultural production. 
With the continuing increase in the world's population there is an ever 
growing need for an increase in both food supplies and the stability of those 
food supplies. Among the main conclusions drawn by a special study group of 
the National Research Council (NAS, 1976) were: 
1) Fluctuation in weather and climate is a major cause of season-to-season 
variation in food and bio-energy production 
2) The variability in seasonal weather is a much more difficult problem 
for production management in agriculture than long-term climatic 
trends 
Interest in resolving the potential of precipitation modification for 
agriculture in the Midwest has evolved for several reasons. These include the 
aforementioned growing need for water to increase and stabilize agricultural 
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production in the Corn Belt, the growing use of an uncertain cloud seeding 
technology and the ensuing concerns, the emergence of encouraging results from 
scientific experimentation with weather modification elsewhere, and the 
availability and interest of qualified atmospheric and agricultural scientists 
who also have the tools necessary for a successful experiment. 
PACE was initially conceived as a Midwest program because the most serious 
physical limitation to agricultural production in areas with good soils is 
water. In many agricultural areas, greater overall productivity, either of 
existing crops or through multiple cropping, would be possible if there was a 
greater available water supply. Even a slight increase in water could provide 
sizeable benefits for these areas, particularly if the water was available in 
either a more consistent or timely manner. Agricultural benefits could be 
derived and realized not only in periods of climatic stress, but also in times 
of normal or near normal July-August rainfall, if that rainfall could be 
increased (Huff and Changnon, 1972). 
It is for these reasons that Midwestern farmers have turned to commerical 
weather modification operators who have made in-roads in the Midwest since the 
early 1970's. Summer rain enhancement programs during the last decade 
appeared throughout the Corn Belt states of Minnesota, Illinois, Wisconsin, 
Iowa, and Michigan. The farming community is frequently asked to support such 
operations, and they immediately seek advice from various scientific as well 
as operational groups. Since there is little foundation for stating the case 
for unequivocal successful modification of precipitation from convective 
storms, the advice frequently is a source of conflict between scientists and 
operators resulting in confusion among the user community, agricultural 
industries, and agricultural research and educational institutions. 
Thus, there is, at this time, a pressing need to resolve the scientific 
question of the applicability of weather modification for rain enhancement in 
the Midwest. The fact that commerical operations have been carried out in 
these important agricultural states is symptomatic of the need for 
establishing a firm scientific foundation for continuing expenditures of 
private and government sources for increasing summertime rainfall. The active 
interest of the agricultural community, as represented by scientists and 
leaders of the agricultural experiment stations at four Midwest universities 
who are involved in the planning of PACE, is also indicative of the desire for 
establishing the credibility of rain enhancement in the Corn Belt region. A 
desirable legal framework exists for the conduct of experimentation with 
Illinois having a model control law (Ackerman, et al., 1974) and a similar law 
in Indiana. 
There is reason for optimism with encouraging results reported from summer 
seeding experiments in South and North Dakota and in the Florida Area Cumulus 
Experiment. The increased summer rainfall noted in the METROMEX studies of 
inadvertent weather modification related to St. Louis help suggest a potential 
for rain enhancement. With limited NOAA resources, a few cloud research 
flights were conducted in and around Illinois during the summers of 1977 and 
1978, as an initial part of the pre-experiment step in PACE. The results from 
study of these aircraft obtained microphysical measurements of Midwestern 
clouds and those from flights in 1973, with supporting studies of radar first 
echoes, give encouragement to the concept of modifying cumulus clouds in the 
-4-
Midwest with available techniques (Ackerman, 1974; Ackerman and Johnson, 
1979). It seems logical to proceed at an accelerated rate with the PACE 
pre-experimental effort at this time since the available results applicable to 
clouds representative of the Midwest are so far encouraging and the scientific 
talents and tools are available. 
The availability of satellite information is also an invaluable asset to 
PACE by providing a means to relate those specific clouds under study by 
aircraft and radar to the larger scale area of cloudiness. 
Goals 
Use of available weather modification technologies in the Midwest is at 
best an uncertain activity with little scientific rationale. In view of the 
existing and expected public interest, it is extremely important that the true 
potential of weather modification for agriculture in the Midwest be 
established. A comprehensive program is needed to determine the potential and 
techniques for modifying convective precipitation and to identify the socio-
economic impacts of such modification. 
The goals of PACE are threefold. 
1) To determine the precipitation alterations attainable, if any, in 
various growing season weather conditions in the Midwest through study 
of the critical physical and technical uncertainties. 
2) To determine the impacts on all facets of agriculture of the rain 
alterations established. 
3) To determine the ultimate social and environmental desirability of the 
weather alterations. 
Program Elements and Phases 
The program has three core elements: 1) the meteorological component 
which addresses the technology, 2) the agricultural component which addresses 
the first order impacts on food production, social, and environmental impacts, 
and 3) communication and interaction with the scientific community and the 
public. The types of studies in these last two core elements are described in 
later sections (PACE Impact Studies, and Communications and Public 
Interactions). 
PACE is expected to last anywhere from 5 to 15 years, including the 
initial planning stage. Its ultimate length will depend on the experimental 
results and available funding. If findings dictate reasonable success at all 
milestones, the program will progress through four major phases during which 
impact studies would parallel the atmospheric studies. 
1) A pre-experiment phase (ongoing) is focused on studies to determine 
the scientific and technological feasibility of rain enhancement, on 
certain preliminary socio-economic assessments, and on activities for 
designing the agricultural evaluations. These studies will develop 
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the body of knowledge and observations needed for decisions and design 
of the experiments. It includes basic and applied research dealing 
with the issues of hypothesis development, evaluation, and logistics. 
Results of the impact and meteorological studies will be integrated 
and a decision as to possible success of an exploratory experiment 
(phase 2) will dictate whether the program will proceed to the 
exploratory experiment, phase 2. 
2) An exploratory phase would be conducted next. It would likely involve 
randomized seeding of individual clouds and groups of clouds to re­
move scientific uncertainities and to test various seeding techniques. 
Both the statistical and physical evaluations would be carried out with 
emphasis on the latter. The results of this phase would determine 
whether the third phase would be pursued and if the results are 
positive, the design of phase 3, the confirmatory phase would be 
developed. Phase 2 would include monitoring of agricultural and 
environmental impacts. 
3) The confirmatory phase, presumably a randomized modification experi­
ment over an area, and based on the findings of phase 2 would be 
pursued as a third step. Physical and statistical evaluation of 
precipitation from cloud systems and individual clouds would be 
pursued along with extensive assessment of agricultural and 
environmental impacts. 
4) A final evaluation phase would follow in which the analysis of the data 
would be completed; the results of the meteorological, agricultural, 
and socio-economic studies would be integrated; a final assessment of 
the value of weather modification to an agricultural area would be 
made; and transfer of results to users would be performed. 
Participants 
The pursuance of such a project will require substantial funding, sizeable 
agency and university research commitments, extensive field facilities, and a 
cadre of dedicated scientists. Interested and trained scientists and 
available facilities within the universities and groups who might become 
involved in this endeavor are still being identified. 
Several research organizations have a dedicated interest in this project 
and are cooperating in this initial planning and research phase. Those 
involved in the atmospheric research are: the Illinois State Water Survey 
(ISWS), scientists of NOAA, the atmospheric sciences group at the University 
of Wyoming, the cloud physics group at the University of Chicago, and the 
synoptic meteorologists at Purdue University. 
The Water Survey has a long history of experience with large 
meteorological research programs, and we possess most of the facilities and 
technologies needed in the computerized analysis and study of atmospheric 
data. Our staff has wide experience in the field of weather modification. We 
have a well equipped and well staffed cloud physics laboratory; experts in 
numerical cloud modeling; nationally recognized skills in precipitation 
research; an outstanding atmospheric chemistry group and laboratories; two 
outstanding weather radars and the staff to operate them and to study the 
data; years of experince in planning and evaluating weather modification 
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projects; and an amazing array of meteorological instruments (325 recording 
raingages, 35 complete recording weather stations, 4 rawinsondes systems, 
etc.) In summary, we have 25 years of experience in the study of Midwestern 
weather and climate, and possess a degree of knowledge of our area 
unparalleled anywhere in the world. 
The Midwestern location for this major weather modification program is 
also augmented by the long history of cloud physics and weather modification 
research by the University of Chicago staff who plan to be involved in PACE 
research. The cloud physics group at the University of Chicago has long had 
an interest in and performed explicit research in weather modification at West 
Plains, Missouri (Project Whitetop). The group, under the leadership of 
Professor Roscoe R. Braham, also conducted fundamental cloud physics studies 
on summer cumulus in Minnesota and Illinois. The PACE provides a means of 
bringing this expertise to bear on the assessment of precipitation 
augmentation. 
The research group at the University of Wyoming will also be a major 
factor in the PACE research. They have engineered the most sophisticated 
cloud physics research aircraft in the U.S. This King Air aircraft was 
specifically instrumented for obtaining those measurements most pertinent to 
weather modification. The scientists at the University of Wyoming who will be 
involved in PACE are experienced in the study of types of clouds that produce 
summer precipitation in the Midwest because they were involved in the St. 
Louis METROMEX studies of 1971 through 1976. The knowledge and experience of 
this group in the airborne sampling of the summer convective storms is 
presently without peer and is invaluable for the overall success of this 
program. The involvement of atmospheric scientists at other universities, 
including those at Purdue, will markedly aid the entire effort. 
The available agricultural-weather monitoring and forecasting activities 
of the National Weather Services centered at Purdue University and serving the 
4-state area (Illinois, Indiana, Michigan and Ohio) will be of great value to 
the project. 
Thus, a uniquely talented group with most facilities needed (surface 
weather networks, radars, aircraft, and computers) is involved in conducting 
the first phase of a complex meteorological program. The involvement of other 
groups having specialized expertise of value to the program will be sought as 
planning progresses. 
Similarly, agriculturalists, political scientists, environmentalists, 
economists, and sociologists from the Midwest (Colleges of Agriculture at the 
University of Illinois, Michigan State University, Ohio State University, and 
Purdue University) have been involved in the planning focusing on research 
involving the weather-related interactions of their specialities. To help 
assure needed communications, especially with local people and groups, 
University of Illinois Cooperative Extension staff have been included in the 
planning discussions and will participate with the Water Survey in this 
important activity. 
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Program Organization 
Up through 1979, the limited PACE efforts have been largely conducted by 
the Water Survey staff. Once the program begins to involve several groups, 
which will occur in 1980, project direction will come from a steering-level 
group composed of a single representative from each university or organization 
involved in the program. This group will furnish general coordination and be 
the focus for seeking project funding. A project director will be chosen by 
this group. The director will direct the program and be a member of the 
working-level group. 
A working-level group just beneath the steering group will be composed of 
committed and experienced key scientists from each component area. It will 
plan and direct most of the scientific aspects of the actual experiment. 
Once the pre-experiment multi-group field efforts have begun, there would 
be a continuing series of planning and operational meetings to coordinate and 
integrate the various efforts. Each scientist heading a study area will be 
involved in these meetings and will have input into the overall project 
operation. Funding for such efforts would be monitored through identified 
"lead" groups. Funding is expected from several states and from at least one 
federal agency. 
Project Location 
All states in the Middle West will benefit from this experiment. 
Universities in at least 4 states have already indicated interest in active 
participation. Central and/or southern Illinois and western Indiana is a 
likely region for the potential field experiments to determine the effects of 
cloud seeding. This location is optimal for several reasons. 
1) Meteorological research in Illinois over the last 20 years provides a 
large backlog of data and information on precipitation climatology and 
cloud systems. 
2) Research into the economic effects of additional precipitation on water 
supply in Illinois and Indiana and into the social response to weather 
modification permits useful estimation of the general impacts of the 
experimentation. 
3) Weather modification laws in Illinois and Indiana provide a favorable 
climate for conducting weather modification experimentation. 
4) Illinois and Indiana are in the center of the Corn Belt which should 
expedite the transference of the results to the rest of the region. 
Specific target areas will be considered on the basis of other criteria 
including encompassing a measured watershed, available groundwater data, soil 
moisture monitoring facilities, and cropping information. The University of 
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Illinois, Illinois State Water Survey, Michigan State University, Purdue 
University in Indiana, and the Ohio Agricultural Research and Development 
Center have all identified interest in particular aspects of the impact 
studies. Thus, information derived for the agricultural, environmental, and 
societal impacts will be easily and rationally dispersed throughout the rest 
of the Middle West. 
UNCERTAINTIES IN PRECIPITATION MODIFICATION 
A primary goal of PACE is the reduction of meteorological and 
technological uncertainties with respect to the particular types of convective 
cloud conditions which provide opportunities for modifying the precipitation, 
and the stage(s) in the cloud evolution during which alteration in the 
microphysics should be effected. Equally critical, however, are the questions 
associated with the uncertainties in the social impacts which will prescribe 
the type of precipitation modification desired. That is, if precipitation 
enhancement is the objective, is it desired as increased rainfall rate, 
duration, or areal extent? That is, to increase productivity or efficiency 
and on what scale? 
Thus, questions are raised about the natural development of rain, such as: 
Large and mesoscale dynamic conditions which control convective 
development 
Magnitude, location, and continuity of the supply of water vapor 
Precipitation efficiency and productivity of rain-bearing systems on 
scales ranging from cloud to synoptic 
Supply and local concentrations of natural ice and condensation nuclei 
Productivity and timing of the natural, unmodified, rain-producing 
processes and the dominant rain-producing process 
The mechanisms of ice formation in clouds and their requirements for 
activation 
There are also major uncertainties as to the ultimate disposition of the 
seeding material once it has been generated and, in particular, its 
characteristics and spatial dispersion at the level at which it is to alter 
the cloud microphysics. Assuming that the capability of generating seeding 
material in the desired physical form and concentration is a solvable 
engineering problem, the problems contributing to these uncertainties are: 
Dispersion of the material from the line (or point) source and the 
related questions about the air motions around the source and in and 
around the clouds 
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Role of scavenging and coagulation in changing the concentration and 
character of the material 
Deactivation, or reduction of activation efficiency, before the 
material can enter into the evolution of the cloud microphysics 
There are critical uncertainties concerning the cloud response to the 
altered microphysics, and the relationship between the cloud response and the 
amount and character of the precipitation produced at the ground. The 
objective of the seeding is usually to bring about one or both of two primary 
cloud responses: 1) increased buoyancy acceleration due to release of latent 
heat, thus permitting additional growth and/or life-span of the cloud; and 2) 
collection of existing suspended condensate so that it will fall to the 
surface. The interaction between the microphysics and dynamics of the cloud 
is a central factor in determining the rain productivity. Questions that 
contribute to the uncertainties in the cloud response to the altered 
microphysical changes are: 
Another group of uncertainties concerns the extension of the effect of the 
local modification, if any, beyond the limits of the seeded cloud and the net 
effect on the total surface precipitation over both nearby areas and more 
distant downwind areas. 
Conversion rate of cloud to precipitation particles 
Spread of the conversion through the cloud volume 
Role of ice multiplication processes in the conversion of water to ice 
The modified vertical velocity profile and the continued supply of 
moisture to the accelerated cloud regions 
The vertical transport of the modified condensate in the accelerated 
cloud regions (i.e., is the condensate carried out of the active cloud 
top into a cirrus deck?) 
The effect of induced or accelerated sedimentation of the suspended 
condensate on the updraft velocity in the lower regions of the cloud 
and consequently on the flow of moisture from the usually more humid 
lower atmospheric regions to the upper cloud levels 
The raindrop spectrum produced at cloud base and subsequent change 
during its fall through the subcloud air to the surface 
The alteration, if any, in the duration of the moisture-processing and 
rain-producing stages of the cloud 
The alteration in the cloud dynamics and microphysics and rain pro­
duction if the ice phase is altered in clouds in which the coalescence 
process dominates, or vice versa 
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Some of the factors that lead to the uncertainties are: 
Modification of the physical state and kinematics of the nearby 
environment and the subsequent effects on new cell (or cloud) devel­
opment, on dissipation (or development) of nearby clouds, and on 
mergers with adjacent clouds 
Effect of altered in-cloud rain characteristics on the downdraft and 
subsequent effect on moisture inflow into adjacent clouds and on 
initiation of new cloud-forming updrafts 
Effect of vertical redistribution of energy, if vertical exchange is 
enhanced, and the sphere (space and time) of influence 
Amount of seeding material which did not enter the target cloud and/or 
remains suspended as an aerosol after the target cloud dissipates and 
its effects on the subsequent cloud and precipitation development, 
locally and downwind 
Possible transfer of seeding material from target cloud cell to other 
cells or other clouds 
Propogation of cloud development dynamically if the class of 
convection is significantly changed (e.g., from cumulus congestus to 
cumulonimbus). 
A final area among the physical and technological uncertainties, and 
perhaps the most crucial of all, is in the realm of proof — how to distin­
guish between modified and naturally occurring phenomena. One major problem 
lies in the difficulty of predicting the natural cloud behavior and rain 
productivity. A parallel problem occurs in predicting how the altered cloud 
behavior and productivity differs from the natural case. Many of the 
uncertainties and problems which have already been listed apply to the natural 
as well as the modified case, for once the alterations in the microphysics 
have taken place, the subsequent cloud behavior is the same as would have 
occurred if the new microphysical state had taken place naturally. 
Lacking this capability to predict natural behavior, is it adequate 
"proof" to demonstrate, through measurements, differences between seeded and 
unseeded populations? Problems arising here lie in: 
Sampling so as to produce unbiased, uncorrelated seeded and unseeded 
samples 
Accuracy and representativeness of the measurements 
Establishing the level of significance which is acceptable 
Identification of key parameters to measure which would be accepted as 
demonstrating seeding effect if significant differences were found 
Identifying appropriate and sensitive statistical tests 
This list of physical uncertainties and questions is a lengthy one and 
poses many difficult problems. Their solution requires persistent, extensive, 
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and continuous efforts. Indeed, in many cases the capability does not exist 
at this time to obtain solutions. Obviously PACE can hope to resolve only a 
few of these questions, and shed some light on a few others. The HIPLEX is 
addressing several of these questions for the climate of the northern Great 
Plains. Accumulated evidence indicates that seeding with ice nuclei some­
times leads to increases in precipitation, sometimes in decreases, and some­
times has no effect on precipitation. A major contribution to reduction of 
the uncertainties would be identification of conditions determining which of 
the three will be the outcome of seeding for alteration of the natural cloud 
glaciation. 
Another primary goal of PACE, establishing net benefit, also presents many 
questions. The uncertainties associated with the social, economic, and 
environmental aspects are even more numerous than the physical ones because of 
the many complex issues which are involved. The key uncertainty lies in how 
to estimate the aggregate benefits and disbenefits of precipitation 
modification within the total social, economic, and environmental context. 
The problem is extremely complex because what may be a benefit to one interest 
group may be a disbenefit to another interest group, particularly if 
modification extends over large heterogeneous areas. And how does one assess 
a value to intangibles, such as changes in natural flora and fauna (if they 
occur) or in public attitude? Most of these complex issues have never been 
adequately addressed in weather modification, but they are considered an 
essential part of PACE. 
PRE-EXPERIMENTAL METEOROLOGICAL PHASE 
Goals and Objectives 
The goals are to decide upon and design (if results are favorable) a 
scientific experiment seeking to establish the physical basis for the 
enhancement of precipitation of warm season convective clouds in the Midwest. 
The pre-experiment phase of the PACE program is comprised of fundamental 
studies essential to clarification of the potential of weather modification. 
The specific objectives are: 
(1) To increase the scientific understanding of the natural cloud and 
precipitation processes in convective entities in the Midwest 
(2) To achieve understanding of the alterations in cloud structure and 
resultant precipitation that may occur when these processes are 
manipulated in a prescribed manner 
(3) To develop the physical and socio-economic baseline information 
required to establish the need for a confirmatory experiment and for 
designing such an experiment 
Efforts directed toward meeting these objectives will be carried out con­
currently with the realization that, as it becomes available, knowledge gained 
from work under (1) above will influence the efforts under (2), and the 
knowledge gained from work under both (1) and (2) will influence the effort 
under (3). 
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Approach 
The pre-experimental phase is essential for deciding on whether to conduct 
the exploratory experiment and for the development of suitable designs for 
both the Phase 2 and Phase 3 experiments. The existing data and understanding 
are only partially adequate for the development of specific modification 
hypotheses. Although seeding for enhancement of cloud dynamic seems the most 
promising approach for many of the warm season cloud systems in the Midwest, 
initially in the pre-experiment studies, all promising physical hypotheses 
will be considered. Also to be considered are the potential productivity/ 
efficiency, not only of the cloud but of the whole rain-bearing system. 
Most seeding hypotheses are based on the assumption that the production of 
precipitation from a suitable cloud can be increased by the addition of 
appropriate nuclei. Productivity* can be increased by an increase in the 
amount of vapor transported into the cloud system or by an increase in the 
efficiency** with which the cloud converts vapor to precipitation. It is 
important to realize that an increase in efficiency does not necessarily 
result in an increase in productivity. For example, if increased efficiency 
brought about by treatment is accompanied by a decrease in the active lifetime 
of the treated cloud so that, overall, less water vapor is processed, the 
productivity could conceivably be decreased. Conversely, if an increase in 
productivity is due to an increase in the amount of vapor drawn into the 
cloud, there could be no change, or even a decrease, in cloud efficiency. 
Moreover if the productivity (efficiency) of the single cloud is increased, 
what is the effect on the productivity of--
--the area encompassing the cloud and affected environment? 
--the cloud group? 
--the rain bearing system? 
If the objective is to increase rainfall, it is necessary also to specify the 
scale on which the change is to take place. 
The essential pre-experimental studies are problem-oriented, basic and 
applied research addressing the major components of rain modification 
experiments which are as follows: 
(1) Seeding experiments: 
*Productivity is defined as the total amount of precipitation produced at the 
ground by the cloud. 
**Efficiency is defined as the ratio of precipitation produced to the amount of 
water vapor processed by the cloud system. 
Formulation and selection of modification hypotheses (physical studies 
of cloud and precipitation characteristics and their frequency) 
Selection of modification techniques (investigation of seeding 
technologies) and prediction of the consequences of treatment 
Identification and prediction of conditions suitable for manipulation 
of the precipitation process 
Measurement and evaluation of alteration (study and selection of 
measurement techniques, test parameters, and statistical design) 
Figure 1. Flow chart showing the exploratory studies which have to be carried 
out and decisions which have to be made before the exploratory 
experiment can be started. Also shown are approximations of the 
number of cases which have to be included in each study area. 
These are based on the cloud, storm and precipitation characteristics 
in Illinois. 
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Figure 2. (a)-(c). Examples of Midwest semi-isolated 
single clouds, as defined for the single cloud 
experiment. (d). Cumulus congestus, developing 
into Cb calvus, embedded in extensive thick 
altocumulus layers, a cloud type not considered 
in the spectrum of semi-isolated single clouds. 
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(2) Atmospheric impacts within and extending in all directions from the 
treatment target area 
(3) Assessment of benefits and disbenefits: economic, social, and 
environmental, to derive the net socio-economic value 
Figure 1 summarizes the background atmospheric studies which should be 
carried out before an exploratory experiment (Phase 2) is undertaken. These 
provide the basis for selection of final hypotheses, technologies, and 
evaluation procedures. Some of the studies are completed or already under 
way. All of the studies are important. The indicated number of cases (years, 
clouds) need to conclude the studies are those determined from cloud and rain 
conditions in the Midwest. 
Some of the elements of Phase 2 most be envisioned now to help make Phase 
1 realistic. Phase 2 of PACE would be concerned with the establishment of an 
acceptable level of scientific certainty of the consequences of modification 
efforts and would deal initially with relatively simple, semi-isolated cloud 
entities (see figure 2). These entities may be single or multi-cellular, of 
limited horizontal extent and separated from other such entities by 
significant distances (one or more cloud diameters), figure 2. 
Phase 2 would likely contain the following elements: 
Design and implementation of a modification experiment on relatively 
simple, but probably multi-cellular semi-isolated clouds, to be 
accompanied by physical and statistical evaluation 
Development of background information needed to design a full-scale 
areawide confirmatory seeding experiment 
Monitoring of social, economic, ecological, and extraneous atmospheric 
impacts during experiments 
Elements of Pre-Experiment Phase 
Research studies to develop adequate background information on rain and 
cloud climatology, cloud and cloud-system characteristics, and seeding 
techniques are an essential part of PACE. They must be completed before the 
exploratory experiment (Phase 2) is decided upon or designed. 
The elements and activities of the pre-experiment phase fall within six 
categories: 1) cloud and precipitation characteristics and synoptic controls, 
2) modification hypotheses and techniques, 3) precipitation measurement and 
evaluation, 4) operations, 5) assessment of potential atmospheric side 
effects, and 6) integration, decision, and design. The tasks and studies 
associated with each of these are described in the following text. Their 
overall sequence is shown in the flow chart in figure 3. More specifically 
stated tasks, grouped by these research areas, and their objectives are shown 
in figures 4-9. Some of the tasks already have been completed and some are 
under way. 
A number of specific "tasks" have been identified to provide the 
information needed for specification of modification hypotheses and of the 
experimental design. They include research into the natural processes and 
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Figure 3. Pre-experimental studies and decisions needed for the final design 
and decision concerning implementation of the exploratory experiment 
of PACE. 
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their statistics. The list is thorough but not all-inclusive. Basic research 
into the fundamental microphysics and dynamics of clouds and cloud systems 
should proceed through laboratory, theoretical-numerical and observational 
studies, complementing those underway in other projects, both large and small. 
All of the tasks listed have been addressed in one way or another over the 
last 20-25 years, not only by the Water Survey but also by other institutions 
in the Midwest. Some of them have been exhaustively undertaken, at least 
locally (e.g. precipitation characteristics); others have been limited to 
pilot and/or initial studies and much still remains to be done. 
Following the task list is a review of the research that applies to PACE 
that has been carried out at the ISWS, and following that our estimate of the 
status of each of these tasks, as of December 1979, based on our current 
perception of the problems and questions associated with weather modification 
experiments. 
Tasks 
Many of the tasks address more than one component of the potential seeding 
experiment, thus they have been grouped into similar research areas. 
This task list may include work which has already been done, or is under 
way, or is yet to be addressed. Every effort is to be made to obtain detailed 
reports of all research that addresses these tasks and done elsewhere. 
A. Cloud and Precipitation Characteristics and Synoptic, Sub-Synoptic and 
Mesosynoptic Controls. 
1. Precipitation characteristics 
Task 1: 
Identify the precipitation climatologies required for estab­
lishing the essential statistical characteristics of the rainfall in 
Illinois. Parameters such as areal cover, areal variability, diurnal 
variability, and durations must be known. 
Task 2: 
Assemble the above statistics and make recommendations concerning 
hypotheses and operations (evaluation requirements are covered in 
C.2. below). 
2. Cloud and cloud system characteristics 
a. Cloud patterns and frequencies 
Task 1: 
Develop general radar climatologies; e.g., echo patterns, 
frequencies, movement, coverage, diurnal variation, from existing 
data. Availability and usefulness of data from past radar operations 
must be investigated. 
Figure 4. Exploratory studies needed to describe the characteristics of the 
surface precipitation. Tasks undertaken by ISWS for design purposes 
are indicated by a double box. 
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Task 2: 
Develop systematic analyses of radar measurements, collected at 
Illinois-Indiana sites as the first step toward amassing background 
echo statistics. Parameters of concern to hypothesis development 
(e.g., first echo heights, merging of echoes), operations (e.g., 
dimensions), and evaluation should all be considered. 
Task 3: 
Determine relative frequency of unorganized shower clouds, 
organized squall lines, and larger rain-producing weather systems from 
satellite imagery. 
Task 4: 
Study initial, pre-rain cloud patterns and temporal development 
from satellite imagery where available. 
b. Cloud structure and development 
Task 1: 
Review and synthesize existing literature on cloud development 
and morphology. Assess transferability of results from other areas 
to the Midwest. 
Task 2: 
Identify critical radar measurements and develop radar and 
satellite analyses package for the description of the life cycle of 
individual clouds and cloud systems. 
Task 3: 
Identify critical aircraft measurements needed for formulation 
and refinement of hypotheses for natural and modified precipitation 
formation. 
Task 4: 
Assess the utility of current models for: 
(i) increased understanding of processes involved in cloud 
development and in the formation of rain, 
(ii) identifying the influence of the ambient atmospheric structure, 
(iii) test of modification hypotheses and prediction of outcome of 
planned intervention. 
Identify major weaknesses in current models and critical measurements 
for feedback to development of models on both the cloud and mesoscale, and 
initiate development of improved simulation. 
Figure 5. Studies needed to describe the characteristics of Midwest cloud 
systems. 
Figure 6. Studies needed to determine the cloud and precipitation processes 
in midwestern clouds. 
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Task 5: 
Identify measurements and analyses by which precipitation 
efficiences and/or productivities of relevant systems are performed. 
(i) To the extent available permit, investigate natural efficiencies 
on the various scales: cloud, cloud area (including interactive 
environment), mesoscale region, and rain-producing sysnoptic 
weather systems. 
(ii) Define the scale on which "efficiency" and "productivity" are 
relevant and are to be calculated. 
Task 6: 
Assess need for and obtain supporting measurements (other than 
rainfall), e.g., surface and upper air winds and temperatures, for 
adequate understanding of the forcing functions in cloud development. 
3. Synoptic influence on cloud and precipitation characteristics 
Task 1: 
Determine dependence of rainfall on types of macroscale and 
mesoscale weather systems, and delineate storm rainfall with each 
type and its impact characteristics. 
Task 2: 
Determine the dependence of cloud and precipitation formation on 
thermodynamic stratification and identify predictor variables which 
could be used in the evaluation of a seeding experiment. These may be 
determined from one-dimensional model calculations, or simple 
graphical operations on soundings. 
Task 3: 
Assess the usefulness of objective surface diagnostic models. If 
warranted, make required modifications and generate surface kinematic, 
thermal, and dynamic parameters which may influence precipitation 
type and intensity. Determine dependence of precipitation on these 
parameters. 
Task 4: 
Develop climatologies of seeding opportunities on the basis of 
available synoptic and mesosynoptic weather data. 
Task 5: 
Assess the need for routine nuclei measurements (ice and/or CCN) 
at the surface and/or in the subcloud and cloud layer on the 
characteristics of precipitation. 
Figure 7. Studies needed to establish environmental control of convective 
precipitation in the Midwest. 
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B. Modification Hypotheses and Technologies 
Task 1: 
Critically review past weather modification programs, operational 
and experimental, for hypotheses and technologies utilized and 
interpret results regarding these. 
Task 2: 
Identify all reasonable modification hypotheses and evaluate on 
the basis of supporting evidence of all types. Identify those 
applicable to Midwest cloud types and general Midwestern climatology. 
Specify the research needs for improvement and increased specification 
of hypotheses and implement these studies. 
Task 3: 
Evaluate various technologies on basis of status of development, 
past performance, and logistic requirements. 
Task 4: 
Consider nocturnal seeding problems and approaches. 
Task 5: 
Resolve questions about diffusion of seeding materials, and 
employ tracers and exploratory seeding to test diffusion and 
technique effectiveness. 
Task 6: 
Measure AgI in rainfall and streamflow to establish background 
values, both for use in evaluation and environmental impact research. 
C. Precipitation Measurement and Evaluation 
1. Radar measurement 
An assessment of the capability of radar to monitor rainfall from 
convective storms with an accuracy sufficient for the evaluation of weather 
modification experiments is urgently needed. This may be separated into 
two tasks. 
Task 1: 
Evaluation of the Z-R relationships in general, and for the 
Midwest specifically. The following specific studies are needed: 
a. Synthesis of existing Z-R relationships from the literature. 
b. Research of past data to include: 
Figure 8. The assessment and decision factors leading to selection of 
modification hypotheses and techniques for the exploratory experiment. 
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i. Thorough investigation of Z-R statistics with use of radar 
and raingage data previously collected in Illinois, 
stratified by operational parameters, weather predictors, 
and type of rain or echo system. 
ii. Comparison of radar Z with calculated Z derived from 
measurements of drop spectra at cloud base and middle level 
with the Knollenberg probes. 
iii. Comparison of low-level radar Z with Z and rainfall rate 
calculated from surface raindrop spectrometer data. 
Task 2: 
Develop a real-time capability for rain measurement, echo 
tracking, and raincell definition. 
2. Surface measurements 
Task 1: 
Identify critical precipitation climatologies that need to be 
developed to design the evaluations of a) single, semi-isolated cloud 
seeding experiment; b) areawide modification experiment covering all 
types of rain clouds; c) areawide seeding experiment on widespread 
rain systems. This includes specifications of pertinent parameters, 
e.g., area averages, point rainfalls, rain intensities, etc. 
Task 2: 
Assemble the rain statistics identified in Task 1 and determine 
the raingage network characteristics (e.g., size, density, and 
configuration) and minimum gage capabilities needed for the evaluation 
of the three types of seeding experiments, for a) surface evaluation 
alone and b) a raingage/radar mix. 
Task 3: 
Assess surface network requirements for rainfall calibration of 
radar. 
D. Operations in Exploratory Experiment 
1. Facilities and personnel 
Task 1: 
Specify radar operations to allow efficient collection of data 
for chosen analysis goals. 
Task 2: 
Establish near real time data reduction procedures for raingage 
data needed for Z-R studies and radar calibration. 
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Figure 9. Studies which must be made for design of the system for measuring 
precipitation. 
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Task 3: 
Consider all the facilities needed to cover functions other than 
primary data collection (e.g., aircraft guidance). Specify the types 
of facilities needed. 
Task 4: 
Establish rigorous calibration and maintenance procedures to be 
followed for all facilities. 
Task 5: 
Design aircraft operations to accomplish the various objectives 
set out above, e.g., those connected with establishing radar 
capability and/or cloud structure. 
Task 6: 
Develop techniques for joint operations of regular and special 
facilities, e.g., aircraft, multiple radiosondes, etc. 
Task 7: 
Determine personnel needs. 
2. Forecasting 
Task 1: 
Develop integrated surface and upper air diagnostic model and 
perform forecast tests. 
Task 2: 
Assess the dependence of rainfall on large scale dynamic 
features, e.g., upper air short waves, thickness fields, air mass 
types. 
Task 3: 
Assemble calendar of weather events. Determine the percent of 
rain and other weather elements which occur in and out of severe 
weather watch boxes and determine degree of association between rain 
and actual severe weather events (tornadoes, floods, hail, etc.). 
E. Assessment of Potential Atmospheric Side Effects 
Task 1: 
Consider possible extra-area effects of the modification effort 
due both to advection of materials and to increased rainfall in the 
target area and develop plans for assessing these. 
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Task 2: 
Assess probability that modification may produce undesired 
effects such as severe weather. Association between rainfall and 
undesired effects such as severe weather should be determined for 
historical period and then monitored during the project. 
F. Integration, Decision, and Design 
1. Integration 
Task 1: 
Monitor results of five major activity areas (A through E ) , and 
focus on hypothesis development (see figure 8). 
Task 2; 
Integrate meteorological results (A through E) with socio-
economic and environmental results to ascertain likely success of 
exploratory experiment within the context of potential benefits. 
Task 3: 
Define criteria to make decision to stop or proceed into the 
exploratory experiment, and then make the decision. 
2. Design 
Task 1: 
Plan the total approach to the statistical design and evaluation 
of both the exploratory and confirmatory experiments. 
Task 2: 
Consider the methods of integrating the physical variables in 
multi-variate statistical tests. 
Task 3: 
Develop the evaluation plan for the exploratory experiment 
including the type of randomization, experimental unit/s, statistical 
tests, variables to be used to evaluate including environmental 
conditions, storm characteristics, rainfall, and cloud 
characteristics. 
HISTORY OF PACE AND PROGRESS TO DATE 
The Illinois State Water Survey's research into planned weather 
modification relevant to PACE began in 1966. A review of the research and its 
publications is relevant to PACE and its current status. 
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First Efforts at Statistical Verification and Design 
The scientific arguments during the 1965-1966 period over the results of 
Project Whitetop (Missouri), an experiment with summer cloud seeding, 
attracted the attention of the Survey scientists. This controversy and the 
advent of a special AAAS Symposium on weather modification in 1966 led to a 
study (Changnon and Huff, 1968) dealing with statistical simulation of seeding 
effects in our dense raingage networks. Other research followed on the effect 
of natural variability on verifying rainfall modification (Huff and Shipp, 
1969), and on the effect of sampling density on the evaluation of hail 
suppression (Changnon, 1968). A review of various evaluation approaches used 
in the United States was also performed (Changnon, 1973). 
The nation's interest in weather modification grew during 1967-1968, and 
the Water Survey's growing interests and our large precipitation data base led 
us to propose three research projects related to weather modification. They 
were all funded by federal agencies. 
The first of these (funded by NSF) dealt with the effect of natural rain­
fall variations on the design and verification of precipitation experiments 
(Huff, 1969). This project was rooted in use of our dense raingage network 
data. Among many useful results was the proposed use of the area-depth curve 
as a verifying tool (Huff, 1968). The research also addressed the design 
issue of rainfall experiments (Schickedanz and Huff, 1971) and the effect of 
seeding well beyond the target area (Schickedanz and Huff, 1970). 
The second project proposed during this period was funded by the Bureau of 
Reclamation. This project also involved study of historical network rainfall 
data but focused solely on the issue of rainfall rates and their variations as 
one means of investigating and verifying precipitation modification (Huff et 
a l . , 1969). 
A third project grew out of involvement in Project Hailswath, a national 
effort involving all those with interests and expertise in hail. The project 
was conducted in South Dakota during July 1966. It reflected the national 
interest in hail suppression that was just developing. Survey staff members 
had participated in Hailswath, primarily looking at surface hail losses and 
hail patterns. This interest in surface hail patterns and hail losses was 
largely an outgrowth of our previous years of research on hail for the 
Crop-Hail Insurance Actuarial Association (Changnon, 1969a). A research 
project was developed out of this background and it focused on the issue of 
hail suppression experiments from a statistical standpoint, the use of radar 
to measure surface hail and the effects of seeding, and the development of 
instrumentation to better measure hail (Changnon, 1969b). This project, 
funded by NSF, led to three successive projects concerning hail suppression 
including forecasting, field operations, societal-environmental issues, and 
modeling. These four hail suppression projects lasted 10 years. They 
culminated in the Design of an Experiment to Suppress Hail (DESH) in Illinois 
(Changnon and Morgan, 1976). Another aspect of our hail suppression research 
included involvement in the National Hail Research Experiment during 
1971-1974. The Survey staff did a design-evaluation study (Schickedanz and 
Changnon, 1971) for NHRE, operated a radar system and studied echoes (Mueller 
and Changnon, 1974), and operated a dense hailpad network (Morgan and Towery, 
1974). 
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Agricultural Effects from Weather Modification 
Prior research into crop yield-weather relationships (Changnon and Neill, 
1967) provided a basis for studies that hypothetically considered the 
potential benefits and disbenefits from precipitation modification. Hence, a 
2-year study was proposed and funded by the Bureau of Reclamation. It 
involved modeling of a range of possible precipitation changes in Illinois and 
then ascertainment of the various resulting yield changes in corn and soybeans 
(Huff and Changnon, 1972). This study produced economic answers for a variety 
of possible changes. This study was the precursor of several more studies of 
the potential impacts of planned weather modification on man and the 
environment (Changnon, 1972a). 
Precipitation Enhancement Program 
The Precipitation Enhancement Program (PEP) in Illinois was conceived as a 
5-year exploratory phase prior to a major Midwestern precipitation 
modification experiment (Changnon, 1973). Research on PEP was conducted for 3 
1/2 years to establish whether it would be a) socially and environmentally 
desirable, and b) scientifically feasible to enhance precipitation in 
Illinois. The PEP consisted of ten study areas, as shown in figure 10. As a 
consequence of a major reduction in DOI support during mid-1973, all of the 
study efforts, other than the atmospheric sampling project, were terminated on 
30 June 1973. The work and findings from six of the study areas that were 
either completed or partially completed are described in seven technical 
reports and several papers referenced later. 
The research plan and associated field and data collection efforts were 
all focused on the goal of defining the feasibility and desirability of 
precipitation modification in Illinois and the Midwest since Illinois has a 
climate representative of conditions throughout the Midwest. Since PEP was a 
precursor to PACE, the following text presents key findings from that 3 1/2-
year program. 
One of the two primary program objectives of PEP was to provide answers as 
to the question of "desirability of precipitation enhancement in Illinois." 
Four of the ten individual program efforts in PEP were aimed at answering the 
desirability questions. These four specific study areas are shown in figure 
10. The key findings appear in the next section of this report. 
The other major goal of PEP was aimed at discerning whether and how 
meaningful increases in precipitation could be obtained from the various 
cloud-rain systems found in Illinois during each season. The lack of prior 
concerted research in the Midwest dealing with the feasibility question meant 
that several study areas were needed to answer this question. There were five 
atmospheric study areas (figure 10) of PEP. 
The tenth major activity area of PEP was the project integrative and 
design effort. The results of the nine specific study areas shown in figure 
10 were constantly reviewed as part of this effort. When major support for 
PEP ended in the summer of 1973, too little research had been completed to 
develop the design of a precipitation modification program for any season. In 
particular, the lack of 1) cloud and rainfall studies using meteorological 
aircraft and radar in each of the various seasons, and 2) the lack of research 
on modification technologies and hypotheses development precluded a meaningful 
Figure 10. The original program schedule of the Illinois Precipitation 
Enhancement Program (PEP) as designed in 1970. 
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design of a followup experiment.. The inability to complete PEP, plus the need 
for the Survey staff to gain experience in performing an integrative design 
effort, were all factors leading to the Water Survey's decision in the late 
fall of 1974 to undertake the design of HIPLEX. In retrospect, this was a 
wise decision because it enabled Survey scientists to address all of the 
complex issues relating to the design of an experiment. This experience has 
served the Water Survey well as it develops the design of PACE. 
Summary of the Desirability Studies of PEP 
Study of Potential Effects of Weather Modification on Water Supply. An 
investigation was made of the potential benefits of enhanced precipitation and 
resulting increases in runoff on the alleviation of surface water shortages in 
Illinois (Huff, 1973). Runoff and weather data for 14 basins for various 
sizes of locations, and with records of 30 years or longer, were used to 
develop basin equations relating runoff to antecedent runoff indices, various 
precipitation parameters, and mean temperature. Hypothetical seeding-induced 
increases in precipitation were then used with the appropriate basin equation 
to obtain an estimate of average runoff increases in the cold season (October-
March) , the warm season (April-September), and two subseasons, December-March 
and July-August. This was done for all seasons combined, seasons having near-
normal to below-normal runoff, and seasons with below-normal streamflow. 
Results indicated that successful modification could result in substantial 
increases in runoff during the near-normal to slightly below-normal years. 
However, substantial runoff would be difficult to achieve in drought years 
unless exceptional rainfall increases could be achieved. Previous hydrologic 
studies at the Water Survey indicated that major benefits to water supply in 
Illinois would only result if substantial gains could be made in moderate to 
severe drought conditions. 
A second investigation pursued concerned the potential of precipitation 
modification during moderate to severe droughts in Illinois to alleviate water 
shortages. This study involved time and space analyses of the natural 
precipitation distribution and consisted of two phases. The first involved 
analyses of monthly precipitation characteristics in major 12-month and 
24-month droughts in the 50-year period, 1960-1955. The second phase was a 
detailed study of storm characteristics in the severe 1953-1954 drought. 
Results indicated that conditions occasionally prevail in some moderate to 
severe droughts during which successful cloud seeding might provide temporary 
relief over portions of an extensive drought region, especially with respect 
to providing agricultural benefits (Changnon, 1972b). Consequently, it 
appears that the major beneficiary of weather modification in Illinois would 
be agriculture, and that future effects should be concentrated on weather 
modification applications in the growing season (Huff and Changnon, 1972). 
Environmental Impact Study. The purpose of this PEP project was to 
determine the effect, if any, of several weather factors, and rainfall in 
particular, on six species of game animals in Illinois. This research effort 
was conducted by staff members of the Illinois Natural History Survey under a 
subcontract with the Water Survey. The research of the first game animal, the 
Eastern Cottontail Rabbit, was essentially completed, but the research on the 
other species was concluded with the general termination of most PEP research 
in 1973. 
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The completed research studied the relationships between Illinois weather 
and cottontail populations from 1955 through 1971 (Havera, 1973). The basic 
tasks undertaken were 1) the determination of relationships of monthly weather 
parameters to indices of cottontail abundance and harvest, 2) determination of 
relationships of weather parameters during critical periods of the rabbit's 
life cycle to rabbit harvest, 3) determination of the effect of total 
precipitation on cottontail harvest, 4) determination of the relationships of 
crop acreages to cottontail harvest, and 5) the modeling of weather, crop, and 
cottontail data. A contiguous 68-county area within Illinois was examined. 
This area consisted of four "game regions." 
Statistical analyses of monthly weather data with cottontail harvest and 
census data revealed several weather parameters were associated with 
fluctuations in cottontail abundance. The cottontail populations were 
apparently influenced by several weather factors during the same year, and the 
same weather factor affected the rabbit populations differently at various 
times of the same year. Generally, during the months of December, February, 
and March, snowfall was unfavorable to cottontail populations. Warm 
temperatures in January along with precipitation were weakly favorable to 
Illinois rabbits. During the spring, cottontails were unfavorably related to 
the percentage of possible sunshine in March, and to warm temperatures and 
total precipitation in April. Cottontails reacted favorably to added 
precipitation and reduced sunshine in July. Minimum temperature in August was 
favorable. The number of days with precipitation 0.10 inch during September 
and October were negatively correlated with the rabbit data. 
Legislative and Legal Activities. A systematic, well-planned activity 
primarily involving two staff members of the Illinois State Water Survey and 
Professor Ray J. Davis of the University of Arizona, as a consultant, led from 
the recognized need for a weather modification statute in 1971 through to its 
completion and enactment as state law in 1973 (Changnon, 1973). This 24-month 
activity to secure proper weather modification control legislation for 
Illinois is considered to be one of the primary achievements of PEP and the 
entire effort was state funded. 
The activity began with an intensive literature review to determine the 
status of other state legislation and the legal aspects of weather 
modification. Then came a well executed development of a statute document 
with a national expert writing the basic document, and concurrent informing of 
the public and interest groups who in turn reviewed and altered it. Finally 
there was implementation of the statute which was handled through the 
considerable interest of the Illinois Agricultural Association and then 
through the skillful handling of it in the legislature by the sponsors of the 
bill. 
The termination of this activity has resulted in a weather modification 
permissive-control law that is considered to be a "model law" for state 
weather modification legislation (Ackerman et al., 1974). It is deemed to be 
the optimum type of document to secure the proper control leading to 
protection and benefit to the citizens of Illinois from weather modification 
in the future. 
Social Aspects of Weather Modification. The general purposes of the 
Social Aspects Study were 1) to study public attitudes toward weather 
modification; 2) to educate and inform the people of Illinois about weather 
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modification and PEP; 3) to consider various institutional needs and 
arrangements for weather modification in Illinois; and 4) to establish public 
relations channels which could be utilized before, during, an after a 
precipitation modification experiment is conducted. Several opportunities to 
describe weather modification at meetings of civic, school, and agricultural 
groups occurred. Eighteen presentations were made on radio and TV shows in 
Illinois. Talks were given at scientific meetings. Over 15,000 copies of a 
special information pamphlet describing weather modification and its potential 
impacts have been distributed in Illinois since 1972. 
Discussions were begun in 1973 with sociologists to perform a study of 
public attitudes. However, when the financial support for the PEP activities 
was essentially terminated, the social attitudes research could not be 
pursued. However, a Weather Attitude Sampling Project was initiated in 1974 
under NSF sponsorship to sample Central Illinois citizens so as to gain 
information 1) on the impact of weather on their lives, 2) on their attitudes 
toward hail suppression specifically and weather modification in general, and 
3) their beliefs about institutional roles and control of projects (Changnon 
and Morgan, 1976). Such information was considered an essential part of 1) 
the design of any future weather modification experiment and 2) the advice 
given the State on the desirability and management of such a project. The 
project was conducted jointly with the Human Ecology Research Services, a 
Colorado group experienced in sampling of public attitudes about weather 
modification. Sampling occurred in April 1974 using some 275 randomly chosen 
citizens from a potential project area of 5,000 km2 in Central Illinois. 
Basically, attitudes about weather and nature in Illinois are similar to 
those found in Colorado and South Dakota. The majority, 54%, favored an 
experimental program, whereas only 33% favored an operational program. 
Answers to questions about successful weather modification indicated that 54% 
believed that moisture could be increased, but only 20% thought hail could be 
decreased. With regard to decision-making about weather modification, half 
thought local residents should decide, but only 20% believed locals would 
decide. There also was a strong indication that the state, rather than the 
federal government, should and will decide on weather modification in Illinois 
Summary of Atmospheric Research of PEP 
One-Dimensional Cloud Model Studies. The PEP required the use of a 
computationally simple and efficient one-dimensional cloud model for two 
aspects of the program. First, it was important for the development of a 
long-period climatology of seeding opportunities for the Midwest, as 
exemplified by Illinois. For this development, the selected cloud model was 
run on a large number of atmospheric soundings, and the results were 
summarized to indicate the frequency and characteristics of large-scale 
environmental conditions that reflect positive seeding potential. Secondly, 
it was desirable to provide a forecast model for summer cloud-sampling flights 
and related field operations. This in-the-field model, by necessity, was 
designed to use minimal computation time so that the results would be 
available to the project forecaster for decision-making on a daily basis. A 
second requirement of this operational model was that it must be inexpensive 
to operate since the model calculations would be carried out at least once 
each day during a field program. 
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The cloud model selected to meet the above stated needs was a variation of 
that developed by Hirsch at the South Dakota School of Mines. It is basically 
a variation of the Weinstein-Davis model and incorporates the microphysical 
parameterizations proposed by Kessler. The model is steady-state and includes 
entrainment with options to specify sodium chloride or silver iodide seeding 
effects during cloud computations. The parameters required to initiate 
integration in the vertical include: updraft speed, updraft radius, cloud 
base, a vertical sounding of temperature and relative humidity, and wind speed. 
The only available data for the climatological study included the vertical 
sounding of temperature, relative humidity, and wind speed which necessitated 
the arbitrary selection of the remaining parameters including updraft speed, 
updraft radius, and cloud base. The updraft velocity was fixed at a constant 
of 1 m s-l for all calculations. The cloud base height was computed from 
the sounding by assuming that the moisture in the lower 100 millibars was 
thoroughly mixed and then raised conservatively along the mixing ratio line 
until it intersected the temperature sounding. Essentially, this 
determination of the cloud base height was equivalent to the convective 
condensation level. The calculation resulted in occasional extremely high 
bases when the lower atmosphere was dry. 
Separate computations were made for updraft radii of 2.5 km and 5.0 km. 
The choice of radii was based on a preliminary experiment obtained with a 
similar model during the course of field work involving the release of tracer 
chemicals into convective clouds. It was found, after operating the model 
each day during a summer period, that the best correlation between predicted 
cloud tops and observed radar tops was the 5.0 km radius. Hence, the 5 km 
updraft radius was used in this study, but it was felt that since it was 
derived from data with a great many squall lines a smaller radius would be 
more appropriate for isolated storms. 
For each input sounding, 6 separate cloud computations were made. These 6 
computations included unseeded, salt seeded, and Agl seeded clouds for each of 
the 2 prescribed radii. These multiple computations for each sounding were 
intended to cover a reasonably broad range of physical processes and seeding 
potential under a wide variety of weather conditions. 
The climatological study of seeding opportunities was initiated by 
obtaining radiosonde data for A Midwestern stations covering the period 1953 
through 1962. Data more recent then 1962 were not obtained because of the 
reported error in relative humidity observations which might negate any 
conclusions from their use. The period chosen for the study included the 
drought years of 1953-1955 in Illinois as well as the subsequent wet years of 
1957-1958. Fundamental differences of large-scale environmental conditions 
between dry and wet years were expected to be depicted by the cloud model 
computations. 
The radiosonde data were available in 2 separate forms, standard level 
data (each 50 mb in the vertical) and significant level data (points where the 
vertical gradient of temperature or humidity changed dramatically). The model 
computations required the merger of these 2 sets of data whenever significant 
level data were available. The central Illinois station was located at 
Rantoul and operated by the U.S. Air Force Weather Service early in the 
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period, and was subsequently moved to Peoria with operations carried out by 
National Weather Service personnel. The Air Weather Service radiosonde 
stations were not required to record significant level data for archival 
purposes and, consequently, input data for the cloud model consisted of a 
minimum vertical resolution of 50 mb. 
The one-dimensional cloud model applied to 10 years of soundings for 
Peoria produced a printout for immediate use and a tape for permanent 
recording of the following data: precipitation, duration of precipitation, 
cloud base height, cloud top, base temperature, top temperature, maximum 
vertical speed, height of the maximum vertical speed, freezing level, depth 
and windshear between cloud base and -20°C, and between cloud base and cloud 
top, and several other parameters. 
The primary results from the climatological study were reported by Huff 
and Semonin (1974) with a direct application to the problem of seeding 
potential during moderate to severe droughts in Illinois. On the average, 
during the agricultural year between May and October there are a fairly large 
number of opportunities which present themselves for seeding operations. 
During the intense part of the growing season between June and August, 
approximately 30% of the days are predicted to produce clouds of sufficient 
depth and top height for application of current seeding technologies. During 
moderate to severe drought periods, as shown by Huff and Semonin (1974), the 
frequency of the predicted cloud occurrences is somewhat below the expected 10-
year value. However, seeding each opportunity during such dry periods is a 
possible means of lessening the impact of drought on water resources for 
agriculture. 
The climatological study was extended to study the opportunities for 
seeding during periods other than drought. The model output data for days 
with predicted clouds of greater than 3 km depth were tabulated and further 
stratified into those which exceeded the freezing level in height. The 
predicted average frequency of seeding opportunities for the growing season 
extended from 1.1 days in March to 11.4 days in August (Semonin, 1977). 
During the July-August period of critical water needs for agriculture, a total 
of 21.2 days are potentially available for weather modification operations. 
Two-Dimensional Cloud-Scale Model. A complex two-dimensional, time-
dependent, cloud-scale numerical model that depicts atmospheric convection and 
cumulus development in a vertical cross section of the atmosphere was 
necessary to fulfill certain requirements of PEP. This work was pursued by 
Ochs and Ceselski (1973). The specific area of interest to Phase I of PEP was 
the application of this model to the determination of the extent and magnitude 
of the possible extra-area (downwind) effects of planned weather 
modification. The development of a sophisticated cloud model was initiated to 
meet this requirement. The model included a sufficiently large domain to 
allow the inclusion of more than a single convective element. Thus, seeding 
in one cloud could be studied. The results of these model experiments could 
then be parameterized in a three-dimensional mesoscale model to determine the 
extent and duration of any broader scale extra-area effect. 
The two-dimensional cumulus cloud model was also conceived to be used in 
other important ways. Seeding in various portions of a cloud could be 
simulated and a determination of the most effective seeding locations could be 
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made. Similar investigations could be accomplished with respect to the 
optimum stage of cloud development that should be seeded. The effects of over-
or under-seeding on the life cycle of clouds and their efficiency in producing 
precipitation could also be studied. Significant headway was made toward the 
development of a two-dimensional model that met these requirements, but the 
cessation of PEP necessitated termination of the work before all aspects were 
included in the model. 
The accomplished research centered on the extensive testing and evaluation 
of current mathematical techniques. A new and accurate time and space 
differencing formulation was incorporated in the model. The calculations 
which were completed depicted realistic moist convection in the atmosphere. 
The only area in this effort to date that may require future study is the 
incorporation of a non-linear eddy viscosity. There are schemes available 
which appear to be directly applicable to two-dimensional cumulus cloud models. 
The greatest possible gain in future efforts would be achieved if a 
suitable microphysical description of in-cloud processes were incorporated. 
At the point at which work on the two-dimensional cloud scale model was 
terminated this inclusion was under way. 
An ambitious and potentially extremely fruitful choice of microphysical 
schemes was made. Instead of dividing the liquid water into just cloud and 
hydrometeor water, a complete spectrum of hydrometer sizes was envisioned. 
As a part of the description of the warm rain process, condensation nuclei and 
water drops, as well as calculations of stochastic collection, were included. 
If this general approach were to be extended to the ice phase of a cloud, the 
complete description of cloud processes would follow and quite realistic 
seeding experiments could be conducted numerically. The value of the 
achievements at the termination stage of the modeling effort was primarily 
recognition of its future potential. 
Three-Dimensional Modeling. It was anticipated that one of the desired 
goals to pursue in PEP was the development of a three-dimensional cloud model 
was that sufficiently large to include more than one cloud. This type of 
model would have a grid spacing of about 100 km and would represent an 
extension of the two-dimensional model described in the previous section. A 
large-scale three-dimensional model that had been used previously in tropical 
studies was available as a research tool (Ceselski, 1973). The model, 
integrated with grid intervals of Δ x  170 km, had demonstrated skill in 
simulating subsynoptic—scale bands and regions of convection in tropical 
disturbances. 
Although it was not obvious what the optimum grid interval to use in 
studying convection over the continental United States would be, the potential 
benefits of such a study were clear. If the model was capable of predicting 
the occurrence of convection in time and space, it could be useful both 
prognostically and diagnostically. If successful, the model could eventually 
be used in conjunction with field operations. The efficiency of a field 
operation could be significantly improved by using a forecast of the type and 
intensity of convection during a particular day. The forecast would have 
advantages over a one-dimensional forecast because the model is time-dependent 
and includes effects of the large-scale three-dimensional dynamics. 
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The model-generated data can be studied diagnostically to examine energy 
exchanges between the mesoscale and large-scale flows. Such mechanisms as 
convective energy 'feedback' to the large-scale should be reasonably well 
understood before any attempts are made to alter the mesoscale disturbances 
(squall lines, etc.) by seeding. 
This modeling effort should also interact with the two-dimensional modeling 
task in terms of the method of parameterizing convection. Simulated seeding 
experiments in the two-dimensional model will help define the parameterization 
of a seeded cloud in the three-dimensional model. In this manner, seeding and 
its effects in time can be simulated. An extra-area seeding effects study is 
an example of the type of work that could be pursued. Based upon 
two-dimensional cloud model computations, a squall line previously predicted 
in a large-scale forecast, could be seeded at a particular point in time in a 
second large-scale forecast. The effects of simulated squall line seeding in 
the large-scale prediction could be examined with respect to line 
intensification or dissipation. The first integration with no seeding would 
serve as a basis for comparison. 
One preliminary convective case study and integration was made before the 
termination of this PEP task. Based upon considerations cited in the previous 
paragraph, the grid interval used was  170 km which insured that the full 
grid covered an adequate total area. The object was to examine model 
capabilities of simulating organized convection over the United States 
(Ceselski, 1973). 
Results of this preliminary primitive equation forecast were encouraging. 
Qualitative agreement between model-computed and radar-observed convection was 
found. This agreement is believed to be due to the following analysis and 
predictive procedures: 1) the careful subjective analyses of weak systems 
defined in the initial wind data; 2) the use of an initialization scheme that 
retained those systems; 3) the use of an advective scheme that maintained the 
energy of the weak systems in time; and 4) the incorporation of a cumulus 
parameterization scheme that simulated the first order effects of cumulus 
energy feedback to the large-scale. These procedures allowed the evolution of 
weak fields of large-scale low-level ascent that produced convection in the 
model. 
Although somewhat speculative after a single forecast, there appeared to 
be a correlation between the location of maximum predicted convective heating 
and observed severe convection (tornadoes, hail, heavy rain, etc.). More case 
studies were planned at the termination of this activity. 
The results from the first attempt to use a three-dimensional model to 
eventually diagnose extra-area effects from seeding were sufficiently 
successful that additional effort should be directed to this task. 
Admittedly, the use of such a model for operational forecasts is remote, but 
its use to address the questions associated with the seeding of mesoscale 
systems justifies further model development. 
Extra-Area Effects on Precipitation. Two climatic investigations 
concerning detection of precipitation shifts beyond a target (modified) area 
were pursued. In the first investigation, monthly and seasonal precipitation 
data were used to study the natural distribution of highs and lows in the 
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precipitation patterns over a 325,000 mi2 area centered in southern Illinois 
during the period 1950-1969. The highs were studied in regard to their 
location, spacing, frequency, and persistence. Overall, the most frequent 
distance between highs is in the range of 40 to 60 miles. However, on l-yr 
and 5-yr patterns the mean distance is in the range 75 to 95 miles and when 
the mean distance is determined in a directional sense (downwind) the mean 
distance is 100 to 117 miles. The mean distances between persistence areas 
and preferred locations of highs is approximately 60 miles. The implication 
of the natural distribution study is two-fold: 1) the mean and median 
distances between natural occurring precipitation highs in the Midwest are in 
the range of downwind highs reported caused by seeding; 2) the broadness of 
the correlation patterns between points in a pattern indicates that one must 
be very cautious when postulating extra-area effects out to distances as great 
as 300 miles from the target in weather modification experiments. 
The second investigation concerned the monthly and seasonal precipitation 
patterns (1950-1969) in and downwind of large cities having urban-induced 
increases in precipitation. Overall the results indicated that the urban 
effect is limited to 50 miles of the city, and that no downwind effect occurs 
beyond 50 miles. There was also some indication that rainfall deficits tend 
to occur in the neighborhood of excesses. In addition, the individual storm 
patterns in and downwind of St. Louis were investigated in great detail using 
1972 METROMEX data. The analysis indicated that the major effect occurs 
within 0 to 25 miles with a smaller increase in the area 25 to 50 miles of the 
city. However, the storm analysis was based on a 1-yr sample only, and 
additional data and analyses are required to confirm the storm results. Both 
studies are described in a technical report by Schickedanz (1973). 
Atmospheric Chemistry Project. The purpose of this work was to measure 
"background" concentrations of silver (Ag) in a proposed seeding area in 
southern Illinois. Such an assessment of prevailing conditions was needed 1) 
as a baseline for comparison against Ag concentrations in precipitation during 
future cloud-seeding operations, and 2) to evaluate the feasibility of using 
the Ag content of precipitation to identify precipitation treated by seeding 
material. 
Sampling was carried out from December 1972 to May 1973 at 5 sites in 
Illinois. Volunteers collected precipitation at 4 of these sites and water 
from the Big Muddy River at the other. 
Because Ag in water solutions tends to deposit on container walls, a 
special chemical method was developed to insure stability of the water 
samples. The analysis method was reported by Rattonetti (1974) and has been 
adopted by other laboratories for silver analysis. 
The results of Ag analyses on the samples were summarized by Gatz (1975). 
The rainfall-weighted mean concentration of 73 ng/liter in Illinois 
precipitation is somewhat higher than the 20-50 ng/liter mean concentrations 
observed in non-seeded precipitation in the western United States. However, 
comparison of Ca/Ag ratios expected in precipitation and upwind soils suggests 
that wind-blown soil dust could account for the higher concentrations. 
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The observed concentrations are probably not sufficient to interfere with 
the identification of precipitation from seeded convective clouds. Even if 
difficulty was found in using the absolute Ag concentration as such an 
indicator, another more sensitive method using element ratios is available. 
The Feasibility of Precipitation Enhancement. An integral part of PEP was 
the Atmospheric Sampling Project (Ackerman, 1974). Its primary objective was 
the assessment of the physical potential for the modification of rainfall in 
Illinois. To achieve this objective, a multi—season research program was 
planned which had as its focus the establishment of population statistics of 
the cloud variables important in the precipitation process. The key element 
in the program was a field experiment in which a number of cloud and 
environmental parameters were to be measured by aircraft, radiosondes, and 
radar. Data collection was originally planned for periods in each season of 
the year, but the 1973 loss of funding resulted in sampling during only one 
field season, the months of June and July 1973. The reduction of support in 
1973 also required that the experiment be carried out in south—western 
Illinois and eastern Missouri (rather than south and central Illinois as 
originally planned), so the existing ISWS facilities of METROMEX could be 
utilized as support. These facilities included two radars, a dense recording 
raingage and hailpad network, and radiosonde and pibal networks. 
The 7-week data aircraft acquisition in 1973 focused on the cloud 
dynamical and bulk microphysical characteristics. Data were collected during 
89 flight hours on 36 flights, between 5 June and 31 July 1973. Cloud 
penetrations were made on 24 of these flights. On eight days with suppressed 
cloud conditions, flights were devoted to the measurement of ice and cloud 
condensation nuclei near cloud base. 
A wide variety of clouds were studied during the flight program, ranging 
from families of towering cumuli to thunderstorm feeder clouds. The 
operations involved a mix of multiple penetrations for cloud cycle 
documentation and single-pass sampling for a census study. Most of the cloud 
penetrations were made near the freezing level; the high incidence of static 
charge buildup on the airplane at higher altitudes, resulting in shorting of a 
key electronic component in the data system, did not permit cloud penetration 
at colder temperatures. Cloud condensation nuclei measurements were made just 
below cloud base level. On most flights airplane soundings were made in the 
vicinity of the cloud area being worked. 
The analyses that have been carried out emphasized the study of the water 
substance near the freezing level, and its partition between vapor, cloud 
particles (drop diameters less than about 70 µ and incipient or existing 
precipitation particles. The significance of these analyses is twofold. 
Firstly, since the cloud penetrations were made between +2 and -5°C, the 
total liquid condensate specifies the maximum amount of latent heat (and 
therefore additional buoyant energy) that can be realized by inducing freezing 
or initiating the Bergeron process through seeding. Secondly, the relative 
fractions of the condensate in cloud (small drop) water and precipitation 
(large drop) water, along with the calculated "adiabatic" water provide a 
measure of the natural efficiency of the coalescence process. 
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The clouds penetrated, all visually classified as vigorous, had bases near 
1200 m MSL (18 to 20°C) and tops estimated between 5200 and 7500 m at the 
time of entry. Approximately 75% to 85% of the condensation expected from a 
unit volume in ascending from cloud base to observed cloud top would have 
occurred by the time the volume reached the measurement level of 600 mb 
(4450 m). 
As a group, the total water contents (as measured by the Naval Research 
Laboratory total water meter) were significantly higher than that cited for 
most previous measurement programs. This could be a reflection of the 
limitations of most other liquid water content meters, which have upper limits 
of 5 to 10 g m-3. The NRL total water meter which was used in this program 
can measure up to 18 g m-3 at the air speeds used, with an overall accuracy 
of about +20%. However, the small sampling volume may introduce errors in the 
presence of large drops: an overestimation of water content due to the bias 
introduced by infrequent large drops, or when many such large drops occur in 
the cloud volumes, an underestimate because of the small sampling cross 
section. 
Individual cloud penetrations invariably revealed a complex structure, so 
often documented by aircraft measurements, but so difficult to deal with 
numerically. Most visual cloud masses were composed of two or more well-
defined cloud units. The approach has been to consider the cloud "unit" as 
well as the whole visual cloud as the entity of interest. Categorization of 
cloud types was based on the visual cloud mass. Five types have been 
defined. Two categories are predominately "isolated" entities: a) towering 
cumulus and cumulus cbngestus, and b) cumulus congestus showers and small 
cumulonimbus calvus. There are two types of clouds associated with large 
thunderstorms, c) nearby cumulus congestus, and d) "back feeders," i.e., 
towering cumulus to cumulus congestus nestled close to the rear side of the 
trunks of a large thunderstorm. The fifth cloud type e) covers towering 
cumuli and cumulus congestus imbedded in extensive, supercooled, altocumulus 
layers. 
Analyses have dealt primarily with the population statistics for the 
condensate near the freezing level, stratified by cloud type and activity 
(i.e., draft velocity). The results of analyses of nearly half the flights 
indicate the following: 
1. The total condensate (when compared to adiabatic) tended to be greater 
in cumulus congestus clouds and small cumulonimbus than in other cloud 
types, including thunderstorm feeder clouds. 
As a corollary, the fraction of cloud units in which the measured 
condensate was in excess of the adiabatic water content was larger for 
air mass showers than for thunderstorm feeders. As might be expected, 
when the average total liquid water content in the cloud unit was 
greater than the adiabatic value, the cloud water fraction tended to be 
smaller than when it was less than the adiabatic water. 
2. On the average, around three-quarters of the condensate in isolated 
cumulus congestus showers and small cumulonimbus was in precipitation 
particles, whereas in "back feeders" well over half of the condensate 
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was in cloud particles. In general, in the system-associated 
convective clouds the condensate was more evenly divided between cloud 
and precipitation particles than was true in the isolated "single" 
cloud systems. 
3. In general, both the average cloud and precipitation water contents 
were higher in updraft areas than in the cloud as a whole, but the 
partition of the total condensate was about the same. In most cases 
peak updrafts, as determined from airplane rate of climb, were between 
2 and 10 m s-1, although updraft speeds up to 25 m s-1 were 
encountered. 
4. The cloud water content, normalized by the adiabatic value, tended to 
be similar in magnitude to that reported by other researchers for other 
areas. However, as indicated above, the total liquid water content, 
similarly normalized, tended to be considerably higher than previously 
reported. 
A number of other exploratory or preliminary studies have been carried 
out. A single case study of a cloud system in which new cells continuously 
developed on the "back" side, i.e., on the side opposite to that in which the 
cloud cells were moving, indicates that the development of vigorous new cells 
may also cause a short pause in the decay of older cells. A preliminary 
review of a few multi-penetration cases which provide documentation of the 
spread of the rain shaft through the cloud, the depletion of the cloud water, 
and the destruction of the updraft, suggests an evolution similar to the 
Midwest thunderstorm cell model. Preparatory work has been done for other 
studies also; e.g., techniques have been developed for correcting the 
locations of cloud penetrations for analyses relating internal cloud 
parameters to radar echo characteristics. 
Midwest Cloud Research 
A research project supported by NSF was carried out to begin to develop 
background information useful for the assessment of the physical potential for 
modification of warm season precipitation in the Midwest. These studies were 
based on cloud measurement data obtained near the freezing level in July of 
1973 (as part of PEP). This research was a continuation of the research just 
described. 
Sample statistics were compiled of cloud physical parameters which are 
believed indicative of the vigor and age of the cloud, and also descriptive of 
the naturally occurring dynamical and microphysical processes. In additiona, 
some partial case studies were carried out to examine in more detail cloud 
evolution. The key cloud parameters considered were a) the density of the 
supercooled liquid water content and its partition into large and small drops, 
b) the vertical velocity (updraft), and c) thermal buoyancy. 
These statistics indicated that it is possible to subjectively identify 
clouds which are in an active state of growth and have conditions favorable 
for modification. Over 80% of the clouds selected for penetration contained 
regions of active cloud development with updrafts exceeding, 1.5 m s-1. 
These active areas were almost always warmer than the surrounding clear air. 
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There usually was ample supercooled water for conversion to ice. Nearly 
50% of the active regions had average cloud water content exceeding 1.0 
g m-3 and virtually all of them had average total condensate exceeding 1.0 
g m - 3 . However, it is also evident that the warm rain process was active 
in these clouds. By the time the cloud air had reached the freezing level 
less than 30% of the water was contained in drops smaller than 60 microns. 
Studies were also carried out to determine relationships between the key 
cloud parameters and other cloud and environment variables with a view toward 
identifying covariates or predictors which can sharpen the experimental 
design. Among the potential covariates considered were a) environment factors 
such as synoptic weather type, lapse rate, vertical wind shear, and b) cloud 
factors such as cloud type, cloud base temperature, and cloud size. 
Other studies were directed toward the predictability of Midwest 
convection by one-dimensional models commonly used in cloud seeding operations. 
Midwestern Droughts and their Potential for Weather Modification 
An NSF-supported 2-year study was a follow on to earlier PEP research into 
this issue. Analytical results presented described the natural rainfall 
distribution in droughts of various severity in Illinois, a typical Midwestern 
state. Relationships were developed between storm mean rainfall, areal extent 
of storm rainfall, rainfall intensity, and drought size (severity) on the 
basis of frequency of occurrence. Synoptic weather conditions under which 
drought rainfall occurs most frequently, its diurnal distribution, and other 
factors pertinent to planned weather modification were investigated also. 
This information can be used to evaluate weather modification potential and to 
design cloud seeding experiments. 
The climatological analyses of rainfall characteristics in growing season 
droughts indicated that opportunities for alleviating agricultural water 
shortages through planned weather modification do exist. Despite the large 
deficiencies in total rainfall in Illinois droughts, storms do occur that 
produce measurable rainfall on the average of once every four to five days. 
During the most critical months of July and August, 50% of the drought-
associated rainstorms produce measurable rainfall (0.25 mm or 0.01 in.) over 
approximately 50% of the drought areas in the larger, more severe droughts 
extending over 50,000 km2 or more within the state. In spot droughts 
encompassing areas of less than 5000 km2, 50% of the drought storms produce 
measurable amounts over approximately 90% of the drought area. 
Assuming weather modification success is dependent largely upon enhancing 
ongoing rainstorms, substantial increases in the natural rainfall are most 
likely to be achieved through cloud treatment of organized storm systems and 
in particular, cold frontal systems and their associated squall lines. These 
account for approximately two-thirds of the drought-period rainfall during 
July and August. Conversely, increases from treatment of non-organized air 
mass activity are likely to be negligible over an extensive drought region. 
Seeding should be conducted on a 24-hour schedule in the Midwest; 
otherwise, a large portion of the storm enhancement opportunities is likely to 
be missed. For example, in Illinois approximately 50% of the growing season 
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rainfall in dry periods occurs in the evening and night (1800-0600 CST) and 
25% occurs from midnight to 0600 CST. 
Analyses of METROMEX data provided additional evidence that weather 
modification should be successful to some degree, at least, in dry summers 
when agricultural water shortages develop. Analyses of inadvertent weather 
characteristics in the densely gaged network of 225 recording raingages in 
5200 km2 show that the spatial distribution patterns of raincell 
initiations, raincell mergers, and surface rainfall are similar in dry, wet, 
and moderate rainfall periods, and that the inadvertent processes are as 
active proportionally in dry as in wet periods. Dry periods appear to be 
caused to a large extent by a decrease in frequency of the more intense type 
of synoptic systems. 
PACE 
Background. The Water Survey group began planning a new start of a 
precipitation modification program (subsequently called PACE) in 1975. The 
interest and concern of agricultural leaders at four Midwestern universities 
were coupled with those of ISWS. This group had planning sessions and 
prepared a draft of a joint document (PACE, 1978). The interest of NOAA in 
PACE, beginning with discussions during the summer of 1976, was also 
important. Research and planning moved slowly while NOAA made decisions as to 
whether and how to become involved in PACE. 
Agricultural leaders and ISWS leaders made two visits to discuss PACE with 
the leaders of the RANN program of NSF during the fall of 1976. At the second 
of these visits, Dr. Hess and Dr. Williams of NOAA attended and described the 
promising results from their Florida project. At this stage, some encouraging 
proof of enhancement of precipitation was considered important and desirable 
to support the concept that there was hope for launching convective cloud 
modification in the Midwest. In subsequent months during 1977-1978, the NSF 
weather modification program was greatly reduced and shifted from the RANN 
program to a basic research program. During May 1977, the experiment station 
directors and ISWS leaders visited with USDA representatives in Washington to 
inform them of PACE. No financial support from USDA was expected nor offered, 
but encouragement was given. 
Further discussions with NOAA continued during the summer of 1977. The 
Water Survey staff interacted with NOAA's scientists, and the Survey developed 
an extensive project design document by the fall of 1977, and the jointly 
authored document was evolved (PACE, 1978). Meetings with NOAA leaders and 
agricultural experiment station directors were conducted in 1977 and 1978 for 
planning and coordination. The agricultural effort during the 
pre-experimental period (for determining the meteorological likelihood of 
modification) was to be minimal, and extensive agricultural research would 
occur during the experiment. 
Subsequently, the Water Survey prepared two research proposals (to NOAA) 
related to funding for a 1978 field effort. This proposal effort involved a 
NOAA P-3 aircraft, a Water Survey radar, special radiosonde releases, and the 
subsequent analyses of the data. This represented the first of a multi-year 
"feasibility study." NOAA funded a part of this 1978 effort. The field 
program went forward during June and July 1978, and research has continued 
since then. 
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Results. The limited but meaningful PACE effort which began in 1978 has 
largely focused on cloud physics research needed to establish the micro-
physical suitability of Illinois clouds for enhancement. It is dealing with 
the evolution of the natural condensate, and the "timing window," i.e., the 
time available for significant modification of the natural sequence leading to 
precipitation through the ice mechanism. Although much weather modification 
study has been done since 1966 by ISWS, the only good cloud data were those 
from the summer of 1973 and they were limited to data at the 0°C level. The 
desired data at higher levels (colder) require in-situ measurement of critical 
cloud parameters, as could be obtained with the sophisticated instrumentation 
on meteorological aircraft such as that on the NOAA/RFC P-3 aircraft. 
The acquisition of the P-3 aircraft and cloud data for two weeks in June 
1978 allowed us to concentrate on the evolution of ice, water, and updraft 
structure at -10°C. The flights were designed to produce a mix of case 
histories in which clouds were repeatedly penetrated, and ensemble sampling 
which addressed population characteristics. The flight program focused on 
providing answers related to a) glaciation rates, b) evolution of supercooled 
water, c) updraft cycle, and d) time window for dynamic seeding. 
A very successful flight program was carried out. The aircraft was on 
site in Champaign for the period 14-30 June 1978. During these 2 weeks, a 
variety of spring-like weather conditions were experienced. Two fast moving 
cold fronts moved through the area followed by a series of short waves. 
Organized lines of showers and thunderstorms were associated with the short 
waves along the fronts followed by convectively active areas in the 
continental polar air. The overall synoptic pattern of events resembled late 
spring in Illinois, as opposed to more normal early summer June weather. The 
sample acquired in 1978, therefore, is not adequate to either clearly identify 
the frequency of suitable clouds or to identify different cloud systems which 
may be amenable to modification. 
To a large extent, an evaluation of this suitability of Midwest clouds for 
artificial modification by AgI seeding will depend on knowledge of the natural 
evolution of ice in these clouds. A major portion of our work in the 1978 
field season centered on obtaining direct evidence of the onset and evolution 
of ice from measurements taken during cloud penetrations using the NOAA P-3 
research aircraft in a cloud physics configuration. 
In general, there are two ways to study the evolution of ice in convective 
clouds. The most common approach is to attempt repeated passes through the 
same cloud at different elevations to get an idea of the time-evolution of ice 
in a given parcel of air. This type of data, however, is difficult to obtain 
and difficult to analyze. One is often left with a limited set of 
heterogeneous data composed of passes taken at a wide variety of levels in 
clouds at different stages of evolution. In our data, we attempted to obtain 
a more homogeneous data set making all passes at the -10°C level. This 
allows greater numbers of cloud penetrations for direct study of the time 
evolution of a given cell, since no time is wasted continually changing 
altitude. During our 1978 field season we made 237 passes on the 7 major 
flights. 
In general, we found that virtually all active cells contained significant 
quantities of liquid water as measured by the Johnson-Williams (hot wire) 
instrument. The mean JW liquid water content for penetrations at -10°C was 
-47-
1.55 g m-3 and 71% of the in-cloud time had values greater than 1 g m-3. 
The mean liquid water content was 1.64 g m-3 for those cloud penetrations 
into updrafts > 1.5 m s-1. 
This JW instrument is primarily sensitive to small drops (diameter < 50 μm). 
The presence of larger drops of supercooled water, however, can often be 
inferred from the distinctive patterns on the Knollenburg 2-D probes 
associated with shedding of liquid water building up on the probe tips 
(streamers). Earlier studies in this same geographical area indicate that 
sizeable portions of the liquid condensate will reside in drops too large to 
be measured with hot wire instruments. It appears that the freezing of these 
large liquid drops is the signal for glaciation to start. These frozen-drops 
then grow by riming and apparently trigger an active Hallett-Mossop ice 
multiplication process which converts more and more of the large drops to ice 
without freezing the smaller supercooled cloud droplets. 
In our 1978 passes, the Hallett-Mossop pattern of glaciation was evidenced 
by reduced numbers of "streamers" on the Knollenburg probes, increased 
indications of ice measured by the Mee ice particle counter, and hot wire 
liquid water contents that are only slightly lowered. While this process is 
presumably going on in all active clouds that grow past the -10°C level, we 
found this pattern most often in later passes through a cloud when the updraft 
became less intense. On occasion, as the updraft was dying we saw a shower of 
2-3 millimeter ice pellets in concentrations of over 1000 per cubic meter with 
little or no evidence of supercooled liquid water. 
This very limited sampling program during an unusual synoptic weather 
regime indicates that Midwest clouds seem to have relatively high liquid water 
contents coupled with active ice processes. The earliest views of weather 
modification (seed clouds to assist relatively inefficient ice production) 
seem totally inappropriate for cloud systems associated with strongly 
baroclinic conditions. Dynamic seeding, in which glaciation is used to 
release heat to envigorate the cloud, remains an attractive possibility. 
Continued efforts in the pre-experiment phase of the PACE program are needed 
to confirm these early results. Future flight projects must be focused to 
sample a more representative weather regime particularly in the months of July 
and August. 
Another study area of PACE has concerned various investigations of radar 
echoes to serve several of the task areas. A sample of 75 moderate-sized 
storms, those with maximum heights ranging between 6.5 and 12.5 km and 
durations of 15 to 90 minutes were studied using very detailed RHI radar data 
and surface rainfall data from a dense network. Findings relating to such 
moderate sized storms that are a typical class of Illinois summer storms are 
relevant to PACE because these represent a potential class for successful 
modification, based on results from other areas. 
The echoes that produced surface rainfall (in the network) had an average 
duration of 64 minutes and an average maximum height of 8 km. The 5-minute 
rain flux rates of the storms were determined with flux measured from the 
raingage data. The average 5-minute rain flux rate was 83,000 kg/sec, and the 
mean of the maximum 5-minute flux rates was 368,000 kg/sec. The total rain 
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mass of the storms ranged widely, and about 48% had total rain mass of less 
than 200 x 106 kg. The echo height, echo volume, and rain flux all 
maximized simultaneously in the third and fourth stages of echo life. This 
indicates that echo height is a good indicator of rainfall production of the 
storm. 
Another class of echoes being studied are those that merged. These 
generally isolated echoes had few mergers, as counted based on mergers of 
echoes that were separated by at least 1.6 km (1 mile). Only 8 echoes 
(incorporating 13 mergers) occurred in the 75 echoes sampled. Study of this 
limited merger sample was pursued because mergers are considered to be a 
potential key to increased rainfall (Changnon, 1976). Reasons for this 
include the fact that a larger cloud (resulting from a merger) better protects 
the updraft from entrainment; that the joining of two updrafts can result in a 
generally larger updraft than 2 single updrafts (with less effect from the 
entrainment); and the merger leads to a combination of downdrafts producing a 
heavier rain flux and a possible regeneration of clouds from the cold outflow 
air. The results of the limited merger study showed a slight growth of echo 
tops after merger but a decrease in echo volume and rain flux. Although this 
is a small sample, it does suggest that not all "echo mergers" lead to 
sizeable increases in storm activity or rainfall production. These results, 
which differ greatly from those of other studies dealing with mergers of 
larger echoes, could be interpreted as indicating that echo size (or class), 
time of merger, and the degree of independence (distance between) of merging 
elements (cells) are critical to whether mergers are related to more rainfall. 
Another aspect of this study treated the relationship between echo 
variables and rain production. This was also pursued to discern how well echo 
measurements (echo height and volume) relate to surface rainfall. Such 
information is useful in precipitation augmentation and in interpreting the 
effects of seeding. Comparison of the average echo height versus the average 
echo volume (both based on echo lifetimes) showed an excellent correlation, 
+0.93. Study of the relationship of average echo volume (for a lifetime) 
against total rain mass produced by the echo also indicated an excellent 
correlation, +0.82. For every cubic kilometer increase in echo volume, one 
could predict a 3.1 x 106 kg increase in rainfall from the storm. Finally, 
average echo height was compared with total echo rain mass production. The 
correlation was +0.68. The relationship indicates that the rain mass of an 
echo doubles for every 1 km increase in average echo height. 
Summary 
This review of past research has clearly shown the sizeable extent of 
research relevant to PACE. Many of the pre-experiment tasks outlined in this 
document have been either partially or completely fulfilled by past or on­
going research. The table below furnishes an assessment of the status of the 
46 tasks in the Pre-Experimental Phase. Analysis of their status shows: 
9 Completed 
15 Partially completed with ongoing research 
13 Partially completed (with no ongoing work at present) 
9 Research not initiated 
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To aid the PACE scientists, key research of the past has been summarized. 
The highlights of all socio-economic-environmental research findings to date 
appear in one document (Changnon and Huff, 1979). The extensive surface 
rainfall and echo results from past Illinois studies have been summarized in a 
climatology of summer rainfall and associated weather conditions (Changnon and 
Huff, 1980). 
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Assessment of Status of Pre-Experimental Phase of PACE 
According to Task Areas(1) 
Precipitation Characteristics 
Task 1 C 
Task 2 PC 
Cloud Patterns and Frequencies 
Task 1 PC and On 
Task 2 PC and On 
Task 3 NI 
Task 4 NI 
Cloud Structure and Development 
Task 1 PC and On 
Task 2 PC and On 
Task 3 PC and On 
Task 4 PC 
Task 5 NI 
Task 6 PC and On 
Synoptic Influence on Cloud and 
Precipitation Characteristics 
Task 1 PC and On 
Task 2 PC. and On 
Task 3 C 
Task 4 PC and On 
Task 5 NI 
Modification Hypotheses and Technologies 
Task 1 PC 
Task 2 PC 
Task 3 PC 
Task 4 PC 
Task 5 NI 
Task 6 PC 
Radar Measurement of Precipitation 
Task 1 C 
Task 2 C 
(1)C = Complete 
PC = Partially complete 
On = On-going research 
NI = Not initiated research 
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Surface Measurement of Precipitation 
Task 1 C 
Task 2 C 
Task 3 C 
Operational Facilities 
Task 1 PC 
Task 2 C 
Task 3 PC 
Task 4 PC 
Task 5 NI 
Task 6 NI 
Task 7 PC 
Forecasting Facilities 
Task 1 PC and On 
Task 2 PC and On 
Task 3 C 
Atmospheric Side Effects 
Task 1 PC 
Task 2 NI 
Integration 
Task 1 PC and On 
Task 2 PC and On 
Task 3 PC and On 
Design 
Task 1 PC and On 
Task 2 PC 
Task 3 NI 
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PACE IMPACT STUDIES 
A variety of impact analyses will be conducted as an integral (user-
focused) part of PACE. Since PACE is being conducted in a prime agricultural 
production area of the United States, heavy emphasis will be given to the 
impacts related to agriculture. Many of the agricultural studies and related 
research will be initiated after the potential of rainfall enhancement has 
been determined in the Pre-Experimental Phase. In this initial phase, 
agricultural studies will include the institutional arrangements that will be 
needed in the future to decide when, where, and if cloud seeding will take 
place through the growing season. 
Specific agricultural areas to be studied in PACE include economic 
(agriculture and water resource), environmental, agricultural (crop yields, 
water management, and agricultural practices), and societal. Most of these 
impact areas will be studied by two approaches. The first will be based upon 
the utilization of known principles to predict effects on crops and the 
environment. The second will supplement the first with new research based on 
field measurements and observations to directly measure precipitation-related 
impacts. 
The thrust of the impact studies is two-fold. One is to obtain results 
that will provide essential information to the local citizens and non-local 
user groups. The other goal is to provide results to set the experimental 
activities in an optimum framework. For example, the major overall evaluation 
of the project will come from the agronomic analysis involving integration of 
all the agricultural impacts. The specific studies recommended for the impact 
research are described in the following sections according to the broad impact 
areas listed above. 
Agricultural Studies 
One group of agricultural studies will deal directly with crop yield and 
rainfall relationships. The direct and indirect effects of altered 
precipitation on the yields of basic crops (corn, soybeans, wheat, oats, and 
hay) will be estimated from the available data bank supplemented by crop 
yield—weather models (physiological and regression types). 
A second research area in agriculture will relate directly to water and 
its distribution. This covers studies of the effects of altered rainfall on 
runoff, drainage, soil moisture, erosion, and sedimentation. The effects on 
the hydrologic cycle starting with increased precipitation and continuing 
through distribution of rainwater by runoff, ponding, infiltration, and 
storage as useful moisture for crops will be monitored. 
A third task area will relate to agricultural practices. The basic thrust 
will be to measure the impacts of altered precipitation on various 
technological practices including soil conservation and the usage of various 
fertilizers, herbicides, and pesticides. During certain times of the growing 
season, rainfall has considerable impact on the utility and functioning of 
these various chemicals and agricultural practices. For instance, an 
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alteration leading to higher rainfall rates will increase erosion and create a 
need for changes in conservation practices. Crop diseases will be included in 
these studies along with weed and insect studies. Historic data sets 
including past information on crop yields, crop rotations, fertilizer 
applications, crop diseases, insect surveys, planting dates, and climatic data 
will be the foundation of the agricultural impact studies. Similar data will 
need to be collected during the experiment. 
Other agricultural impacts will also be studied, but these are described 
under the other major impact study areas below. 
Environmental Studies 
One aspect of the impact studies arises from the use of silver iodide as a 
cloud seeding material. Because of the potential environmental impacts of 
silver as a toxic material, sampling and monitoring studies must be 
established. Previous background research (Gatz, 1973) has established some 
useful background values of silver in rainfall and stream runoff in Illinois. 
A principal research thrust will be to monitor rainfall during the seeding 
experiments for silver quantities as a tool for evaluating the seeding 
program. Accumulation of silver and principal compounds in the ecosystem will 
also be monitored and silver uptake in certain plants will be studied. Silver 
contents in rainfall will be monitored and studied in downwind areas as well 
as in the target area. 
The second major aspect of the environmental research involves impacts of 
altered precipitation quantity on the ecosystem. The research plan calls for 
sophisticated estimates of the potential impact on weeds, insects, crop 
diseases, and possibly small animals. Where baseline information is lacking, 
field studies will be initiated. The resulting measurements will be 
incorported into models to develop relationships of rainfall to various 
indicator species. Past research on the effects of weather on small game 
animals (Havera, 1973) will be helpful in developing models and in the design 
and selection of indicator species. During the experiment, environmental 
indicator species will be monitored in the target area. 
A third area of research will be hydrologic in nature. Water budgets will 
be studied for watersheds encompassed in the experimental area. This will 
include precipitation runoff, groundwater, soil moisture, and evapotrans-
piration measurements and/or accounting. 
An essential part of the environmental impact activities relates to the 
development of an environmental impact statement. This activity must be 
pursued and the statement satisfactorily accepted prior to the initiation of 
the seeding experiment. 
Economic Studies 
Previously conducted background studies of the potential economic effects 
of altered precipitation in Illinois, both on crop yields (Changnon, 1972; 
Huff and Changnon, 1972), and on water resources (Huff, 1973) provide 
excellent baseline information for launching more sophisticated economic 
studies, particularly during the experiment as results on indicated rainfall 
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changes become available. A particular thrust of the proposed economic 
studies will be on benefit-cost relationships relating to the eventual transfer 
of the technology. 
Many facets of the economic research will be based on the products of the 
agricultural impacts research previously described. The cropping patterns and 
characteristic farm units in the experimental area will be determined in the 
pre-experimental period for incorporation into subsequent economic models. 
Existing results from Illinois crop-response models will be used as design 
information (Changnon and Neill, 1968). 
Estimates of costs of operational cloud seeding will be developed during 
the experimental period for use in later technology transfer and for input into 
"break-even" economic modeling of benefits and costs. 
One facet of the economic analysis will relate to the estimation of the 
economic impacts of any detectable changes in precipitation or cloud cover 
downwind of the target area. 
Important parts of the research will deal with effects of the additional 
crop production on price and estimates of other secondary economic effects. 
The secondary effects include cropping patterns and the increased stability of 
income related to precipitation modification. 
Societal Studies 
A series of impact research activities related to legal and administrative 
actions will be required. One of these is to prepare and file an environmental 
impact statement. Another is to establish communication with related 
modification programs, including any nearby operational projects. 
Another key aspect of this activity will be to develop additional 
guidelines for stop/go operation of the experiment to limit experimentation 
during very severe storm situations or during excessively wet or dry 
conditions. These stop/go criteria will be used during the actual seeding 
experiment for controlling the seeding operations. The criteria will be 
developed with agricultural experts; input from the agricultural leaders 
within the target area will be used to determine when criteria are met and 
when the operations are to be changed. Corn and soybeans which have similar 
rainfall needs occupy over 85% of the harvested cropland in Illinois, thus 
minimizing conflicts in deciding whether to attempt cloud seeding on any given 
day. 
Also involved in the societal activity will be the effort to secure 
appropriate state licenses and permits for the experiment and the subsequent 
reporting of seeding activities to state and federal agencies. In the 
administrative-legal area a mechanism for dealing with potential allegations 
of liability will have to be established. Other activities will include 
interstate communications. 
Another major area of research, within the societal framework, involves 
institutions. One aspect of this research will concern the institutional 
arrangements that will be needed, given the results of the rainfall 
modification experiment indicate increases, to deal with weather modification 
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on an operational, non-experimental basis throughout the Midwest. Means for 
monitoring regulation, evaluation, and insuring local support will be studied. 
A third area of studies will deal with public attitudes. Prior research 
(Krane and Haas, 1974) has established background information on public 
attitudes towards weather modification in the proposed experimental area. 
Primary activities will be to monitor public attitudes during the project, 
particularly any organized responses, and thus to develop a profile of public 
attitudes before, during, and after the seeding experiment. A final aspect of 
this research will deal with developing public response models for use in 
attitude sampling and for developing policy actions relating to subsequent 
operational projects in the Midwest. 
COMMUNICATIONS AND PUBLIC INTERACTIONS FOR PACE 
PACE must have a strong communication effort to inform all concerned and 
interested parties about project activities and consequences, primarily using 
information from the impact studies. Interaction with local and regional 
groups concerning the experiment will be critical, including their involvement 
in certain operational decisions. This communication effort will be designed 
to sustain public and scientific involvement and interest. It will also lead 
to much more effective technology transfer, given a successful outcome of the 
experiment. 
Thus, an essential part of PACE concerns communications with 1) the 
potential users including the public, and 2) the scientific community about 
the results of the atmospheric and the impacts research (Changnon and 
Ackerman, 1979). A major aspect of the program will be to have advisory 
groups to review and advise on the scientific aspects of the program. 
Before the experiment is launched, a carefully presented program to inform 
the local public about the project will be initiated. Project information is 
already being released to the public through various means (Changnon, and 
Ivens, 1979). Key local decision makers will be contracted through the 
existing network of agricultural extension agents and programs. 
Communications will be established with specific interest groups in and around 
the experimental area. 
As part of the local communications and public relations efforts, a 
"citizens committee" composed of key local citizens will be developed. It 
will serve as a major focal point for providing current information about the 
project. A major facet of the experiment will be to allow for temporary halts 
in the experiment due to the development of extremely wet or dry conditions, 
with public involvement in defining these conditions. A contingency plan for 
halting the experiment will be developed with the local committee before the 
experiment begins, based on levels of soil moisture or rainfall, and specific 
individuals will be identified as responsible for transmitting operational 
limiting conditions to the project. 
A second research activity area, beyond the public relations and 
interactions in the local experimental area, relates to "institutional groups." 
A major focus here will be on informing the non-local users which include 
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affected businesses, scientists, agricultural interests, and various 
governmental entities. Again, the results of the project must be presented 
routinely and distributed to these various user groups. 
These first two communication activities (public and institutional) are 
basically precursors to the third communication activity: the technology 
transfer. Technology transfer will occur at the end of the experiment. It 
will involve assemblage and interpretation of all results of the experiment, 
and presentation of them in a coherent fashion to all possible users groups 
and the public throughout the Midwest. If successful (increased rain) results 
are established, a major product of the project will be a "cook book" that 
demonstrates how to organize a project, how to employ weather modifiers, how 
to seed clouds so that precipitation is modified in a successful fashion, 
etc. If an unsuccessful result is obtained, a similar brochure would be 
produced warning Midwestern representatives of the danger and uncertainties 
involved in precipitation modification. 
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